The crystal structures of two zinc(II) 5,15-dioxo-porphyrins (porphodimethenes) have been determined to investigate the coordination chemistry of porphyrins with interrupted conjuga tion system. Both com pounds have a five-coordinated zinc center with pyridine as axial ligand and show overall structural parameters very similar to porphyrins. The oxidized meso-posi tions are, however, easily identified by longer Cm-C a bond lengths and smaller Ca-C m-C a angles. The macrocycles exhibit a small degree of conform ational distortion, and the etiopor- 
Introduction
The structural investigation o f porphyrins bear ing meso-oxo functions has attracted some interest with respect to the coordination chemistry of 5-oxoporphyrins (formerly oxophlorins) due to their involvement in heme degradation [1] [2] [3] . These com pounds exhibit a special feature in that a single meso-oxo function allows for the existence of the tautom eric keto and enol forms [4] . In con trast to this, dioxo-porphyrins allow only the for m ulation o f ketonic structures which leads to in terruption o f the conjugated system [5, 6] , Due to this fact the dioxo-porphyrins were formerly called dioxo-porphodimethenes [7] , This makes the 5,15-and 5,10-dioxo-porphyrins interesting ligands for coordination studies. So far, only the struc ture of a thallium (III) derivative of 5,15-dioxo-2,3,7,8,12,13,17,18-octaethylporphyrin (OEP) had been reported by us [8] . The only other related structures known include metal complexes o f 5,15-dihydro-5,15-dimethyl-porphyrins which also ex hibit a break in the conjugation system [9] . In o r der to be able to compare the structures o f related porphyrins, 5-oxoporphyrins, and 5,15-dioxopor- Fig. 1 shows the molecular structure and num bering scheme o f the OEP derivative 1. Atomic coordinates and isotropic therm al param eters are listed in Table I [10] . The structure of the corre sponding etioporphyrin I derivative is shown in Fig. 2 , while atomic coordinates and isotropic therm al param eters are compiled in Table II [10] . Selected structural param eters are compiled in Tables III and IV . Both com pounds were crystal lized from C H 2Cl2/«-hexane (containing pyridine) and both molecules crystallized with the asym metric unit containing the whole molecule with no crystallographically imposed symmetry. The central core is characterized by a five-coor dinated zinc(II) atom bonded to the four pyrrole nitrogen atom s and to the pyridine in the axial position. Both crystal structure determ ina tions suffer from disordering of the meso-oxo functions. Although the symmetric 5,15-disubsti tution pattern could clearly be delineated, the oxy gen atom s are disordered over all four meso-posi tions. The relevant occupancy for the m ajor and m inor sets o f oxygen atom s are 0.72:0.28 for 1 and Fig. 2 . Com puter generated plot and numbering scheme of 2. Ellipsoids are drawn for 50% occupancy. The dis ordered positions and hydrogen atoms have been omit ted for clarity. (4) 145 (8) 3713 (6) 2603 (6) 27(4) C (5) 1169 (8) 4058 (6) 2129 (6) 27(4) C (6) 1678 (8) 3355 (6) 1514 (6) 25(3) C (7) 2450 ( (14) a Equivalent isotropic U defined as one third o f the trace o f the orthogonalized Uy tensor. (16) 2219 (4) 1776 (5) 2746 (4) 22 (2) C (17) 3314 (4) 1129 (5) 3221 (4) 26 (2) C (171) 3452 (5) 583 (6) 4514 (4) 43(3) C (18) 4204 (4) 1133 (5) 2258 (5) 30(3) C ( 181) 5511 (4) 602 (5) 2303 (5) 36(3) C (182) 6093 (5) 1551 (5) 2203 (5) 48(3) C (19) 3633 (4) 1716 (4) 1209 (4) 20 (2) C (20) 4239 (4) 1914(5) -7 (5) 26 (2) 0(1) 1180 (5) 3742 (6) -3569 (5) 33 (1) 0(2) 1085 (7) 1643 (8) 4557 (7) 31 (2) 0 ( 1 ) -2982 (14) 4374 (16) 1001 (15) 95 (5) 0 (2 ') 5359 (6) 1622 (7) -121 (7) 49 (2) a Equivalent isotropic U defined as one third o f the trace of the orthogonalized Uy tensor. 0.58:0.42 for 2. Such a disordering in porphyrins with small substituents is frequently encountered [2a, 3, 12] . This disordering, which was not ob served in the corresponding T1(III)C1 5,15-dioxo-OEP structure [8] limits to a certain degree the in- 
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1.268(13) 1.260 (10) terpretation of structural differences between the substituted and unsubstituted raeso-positions. Overall, both molecules exhibit a very similar pattern in their bond lengths and bond angles (Tables III and IV) . The bond distances to the axial pyridine Z n -N ax are 2.131(5) and 2.121 (5) Ä, respectively, and com pare well with those found in other zinc(II) tetrapyrroles with a pyridine as the fifth, axial ligand [2a, [12] [13] [14] [15] [16] . The orientation of the pyridine plane with respect to a N -N axis has been suggested as an im portant structural charac teristic for such com pounds [17] . These angles dif fer in both compounds. While 1 exhibits an angle of 7.8° between the pyridine mean plane and the N (21)-N (23) axis, the same angle in 2 is 22.1°. The average Z n -N bond distances of 2.131(5) for 1 and 2.121(5) A for 2 also correlate well with 
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124.4(7) 124.3(5) C (6 )-C (7 )-C (8 ) 105.5(7) 106.5(4) C ( [17] . The keto-character of the m eso-oxygen substituent is clearly evidenced by the short average bond lengths of 1.268(10) Ä. Table V gives a com parison of structural data for pyridine m ono adducts o f zinc(II) porphyrins and oxoporphyrins. In order to determine the in fluence o f the m eso-oxo function we distinguish between the H-(no raeso-substitution, involving CIO and C20) and the O -quadrants (with meso C = 0 , involving C5, C 15). This comparison shows that the dioxo-substitution, i.e. the separation of the aromatic porphyrin system into two (formally) 5,10-dihydrodipyrrin (dipyrromethane) units, does not appreciably influence the metal coordina tion characteristics. The only indication for the in fluence of the meso-O functions is the slightly smaller N -M -N opp bond angles for the substitut ed quadrants. A com parison with the structure of Tl(III)Cl-5,15-dioxo-OEP [8] shows that this fea ture is also retained in the not disordered T1C1-derivative.
An inspection o f the structural characteristics of the tetrapyrrole macrocycle shows indications for a lengthening o f the Ca-C b and shortening of the Ca-C b and Ca-C m bond lengths in the O-quadrants. However only the Ca-C m bond lengths dif ferences between H-and O -quadrants are large enough to be significant. Differences in the M -N -C a, N -C a-C b and N -C a-C m bond angles are also not large enough to be interpreted as sig nificant. Clear differences are however observed for the Cb-C a-C m and Ca-C m-C a bond angles. Both are generally smaller in the O-quadrant. The same trends are observed in the TICl-dioxo-OEP structure (Table V) but are much more pro nounced in this case.
The smaller differences between H-and O -quadrants in the structures of 1 and 2 are due to the disordering o f the oxo-functions which leads to H -quadrants with "O -character" and vice versa de pending on the degree of disordering. This is clear ly observed e.g. in the Ca-C m-C a bond angle, which can serve as the best indicator for the meso- [18] . This porphyrinogen with four meso-keto groups exhibits an Ca-C mCa angle of 119.5(3)°.
The differences between the 5,15-dioxo-porphyrins which retain sp2-hydridization at the af fected raeso-positions, and the 5,15-dihydro-5,15-dimethylporphyrins [9 b], which also have an inter rupted aromatic system but have sp3-hydridization at the affected meso-positions have already been discussed for the TICl-dioxo-OEP structure [8] . The present Zn(II) structures show again that, on the basis of their structural param eters, the dioxoporphyrins are situated between the parent porphyrins and the 5,15-dihydro-5,15-dimethylporphyrins.
Although the overall structural param eters of the two structures described here are quite similar, im portant differences are observed in the m acro cycle conform ation. Deviations of the macrocycle atom s from least-squares planes have been used in recent years to describe the conform ational flexi bility o f tetrapyrrole macrocycles [17, 19, 20] . Fig.  3 shows the deviations of the macrocycle atoms from the least-squares plane defined by the four nitrogen atom s (4N-plane) . Both molecules show considerable deviations from planarity. The aver age deviations from the plane o f the 24 core atoms is 0.096 Ä for 1 and 0.05 Ä for 2. The largest devia tions observed are 0.18 Ä for a Cm-atom in 1 and 0.25 Ä for a Cb-atom in 2. The non-planarity of the macrocycles is also evidenced in the angles of the individual pyrrole planes with the 4N-plane. The average angles are 5.58° in 1 and 2.88° in 2.
Such deviations from planarity have also been ob served in the structure of Zn(II)(pyr)OEP [14] and in other five-coordinate OEP derivatives with large metal ions, e.g. Tl(III) [17] , The distortion of the macrocycle leads to a significant out-of-plane position for the raew-oxygen atoms. In 1 they are displaced on average by 0.44 A from the 4N-plane while in 2 0 (1 ) is displaced by 0.58 Ä and 0(2) is almost in plane with a deviation o f only 0.09 Ä. In order to investigate how much of this distor tion is due to packing contraints in the crystal [17] , an analysis o f the m olecular packing was per formed. Both molecules form layers o f molecules in which the pyridine ligands in neighboring mole cules point away from each other. Fig. 4 shows as an example the packing of 1. In the case of 1 this leads to the identification of some close contacts. C (10) and N(23) are 3.391 Ä apart, while the 0 (2 )-C (8 1 ) distance is 3.570 Ä. C (12) and Zn in neighboring molecules are 3.887 Ä apart, while the closest contact observed is 3.283 Ä for the distance between C(3 A) (position 4 in the pyridine ligand) and 0 (1) . If the hydrogen atom at C(3 A) would be taken into account the distance is only 2.493 Ä. Although such contacts might be responsible for the observed deviations, a direct correlation is not possible. The overall arrangement o f the porphyrins and axial ligands is quite similar in 2. However consid erable differences in the degree of aggregation are observed since the macrocycles in neighboring molecules show some overlap of the ring systems (Fig. 5) . The two molecules in these dimeric struc tures overlap in such a way that the Zn atom of one molecule lies almost over a meso-carbon of the next molecule (3.56 Ä). The distance between the two molecular planes (plane separation) is 3.411 Ä, while the Z n -Z n separation is 5.088 Ä. The center-to-center distance is 4.64 Ä and the slip angle (angle between one molecular plane and the center-to-center vector) is 42.7°. A good charac teristic for the strength o f the macrocycle aggrega tion is the lateral shift o f the tetrapyrrole centers (L.S. = C t-C t x sin(slip angle) as defined by Scheidt and Lee [17] ). This value is 3.15 Ä for 2 which indicates intermediate strength aggregation [17] . The situation in 1 is quite different. The plane separation in closely related molecules is 3.565 Ä and the Z n -Z n distance 6.666 Ä. The centerto-center distance is 6.256 Ä and the slip angle is 55.3°. This leads to a lateral shift value of 5.14 Ä which is considerably larger than that observed in 2. The difficulty in directly correlating molecular packing and conform ation distortion becomes evi dent by com paring both molecules. Although stronger aggregation and thus closer contacts are observed in 2 , the degree o f deviation from planar ity is larger in the structure o f 1. Such aggregation as described here has been observed for a variety o f m etalloporphyrins in solution [2 1 ] and in the solid state [1, 17] . We are currently trying to corre late the influence of different substituents on the solid state aggregation o f metalloporphyrins [12 ] and studying the influence o f different metals and axial ligands on the conform ation of the oxoporphyrins.
Experimental
The dioxo-porphyrins and their zinc(II) com plexes were prepared as described earlier [22] and gave satisfactory spectroscopic and analytical data. Crystals of both 1 and 2 were grown by slow diffusion o f «-hexane: pyridine ( 1 0 : 1 ; v/v) into a solution o f the porphyrin in methylene chloride. The crystals were covered with high boiling hydro carbon oil, suitable single crystals selected, m ount ed on a glass fiber and directly transferred into the low-tem perature nitrogen stream of the diffrac tom eter [23] . were collected on a Siemens P4 diffractom eter equipped with a Siemens rotating anode (operating at 50 kV and 300 mA) and a Siemens LT device using the 6-2 6 scan technique with a scan speed of 58.58° m in-1 and a scan range of 2.0° plus Ka sep aration; T = 126 K. 4490 reflections were meas ured (0 < 2 6 < 108.5°, index range -1 0 < h < 9, -14 < £ < 14, 0 < / < 15), 4236 unique reflections giving 3868 observed reflections with I > 1.9 <7(1). Two standard reflections were measured every 198 reflections and showed no significant change in in tensity. The intensities are corrected for Lorentz and polarization effects. An absorption correction was perform ed using the program XABS [24] , ex tinction was disregarded. The structure was solved via a Patterson synthesis using the SHELXTL PLUS program system [25] . The refinement was carried out by full-matrix least-squares o f IFI using the same program system. The function m in imized was Xw(F0-F c)2. The oxygen atom s were found to be disordered over all four meso-posi tions and were treated with free refined split posi tions which gave 0.72:0.28 occupancy for the two oxygen atom pairs. Hydrogen atoms were includ ed in calculated positions (excluding the dis ordered meso-positions) using a riding model ( C -H = 0.96 Ä, U iso(H) = 0.08). With the excep tion of the oxygen atoms all non-hydrogen atom s were refined with anisotropic thermal parameters. for 22 autom atically centered reflections in the range 39° < 2 6 < 55°, C uK a radiation, k -1.54178Ä), space group P i, Z = 2, Dx = 1.383 M g -n T 3. Red parallelepipeds. Crystal di mension: 0.32 x 0.15 x 0.06 mm, n = 1.421 m m -1. D ata were collected on a Siemens P4 diffractome ter using the same conditions as described for 1 . 4006 reflections were measured (0 < 26 < 108.5°, index range -11 </z< 1 2 ,-1 0 < < 13, 0 < / < 13), 3816 unique reflections giving 3409 observed reflections with I > 2.0<t(I). The structure was solved via a Patterson synthesis. The oxygen atoms were found to be disordered over all four meso-po sitions and were treated with free refined split posi tions which gave 0.58:0.42 occupancy for the two oxygen atom pairs. The final cycle of refinement on | F | included 405 variable param eters and con verged with R = 0.076, wR = 0.127 and S = 0.55. The weighting scheme used was w" 1 = cr2(F) + 0.0571 F 2, (A /a)max 0.012, final difference Fourier synthesis: -1.37 < Aq < 1.44 eÄ-3. All other cor rections and refinement details as described for 1 .
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